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PCLINICAL RESEARCH Cardiovascular Risk
High Dietary Glycemic Load
and Glycemic Index Increase Risk of
Cardiovascular Disease Among Middle-Aged Women
A Population-Based Follow-Up Study
Joline W. J. Beulens, PHD, Leonie M. de Bruijne, MSC, Ronald P. Stolk, MD, PHD,
Petra H. M. Peeters, MD, PHD, Michiel L. Bots, MD, PHD, Diederick E. Grobbee, MD, PHD,
Yvonne T. van der Schouw, PHD
Utrecht, the Netherlands
Objectives The goal of this work was to assess whether high dietary glycemic load and glycemic index are associated with
an increased risk of cardiovascular disease (CVD).
Background The associations of dietary glycemic index and glycemic load with risk of CVD are not well established, particu-
larly in populations consuming modest glycemic load diets. Moreover, risk may differ between lean and over-
weight subjects.
Methods Associations of glycemic index and glycemic load with incident CVD were examined in a prospective cohort of
15,714 Dutch women age 49 to 70 years without diabetes or CVD. Dietary glycemic index and glycemic load
were calculated using the glycemic index, carbohydrate content, and frequency of intake of individual foods.
Results During 9  2 years of follow-up, 556 cases of coronary heart disease (CHD) and 243 cases of cerebrovascular
accident (CVA) occurred. Dietary glycemic load (mean  100; SD  17) was associated with increased risk of
CVD, adjusted for CVD risk factors and dietary variables, with a hazard ratio (HR) for the highest against lowest
quartile of 1.47 (95% confidence interval [CI] 1.04 to 2.09; ptrend  0.03). Similar results were observed for di-
etary glycemic index with a corresponding HR of 1.33 (95% CI 1.07 to 1.67; ptrend  0.02). Glycemic load
tended to be associated with both CHD (HR 1.44; 95% CI 0.95 to 2.19; ptrend  0.14) and CVA (HR 1.55; 95% CI
0.81 to 2.97; ptrend  0.10), but glycemic index only with CHD (HR 1.44; 95% CI 1.10 to 1.89; ptrend  0.01).
Among overweight women (body mass index 25 kg/m2), glycemic load was associated with CVD (1.78; 95% CI
1.11 to 2.85; ptrend  0.04), but not among normal weight women (pinteraction  0.19). Body mass index did not
modify the association of glycemic index with CVD.
Conclusions Among women consuming modest glycemic load diets, high dietary glycemic load and glycemic index increase
the risk of CVD, particularly for overweight women. (J Am Coll Cardiol 2007;50:14–21) © 2007 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.02.068s
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The finding that high saturated fat diets in-
crease the risk of cardiovascular disease (CVD)
led to recommendations to reduce total and
saturated fat intake and a subsequent increase
of carbohydrate intake (1). However, such low-
fat, high-carbohydrate diets adversely affect lipid
nd glucose metabolism, leading to insulin resistance (2).
See page 22
rom the Julius Center for Health Sciences and Primary Care, University Medical
enter Utrecht, Utrecht, the Netherlands.c
Manuscript received November 10, 2006; revised manuscript received February 5,
007, accepted February 12, 2007.Until recently, carbohydrates were classified either as
imple or complex believing that saccharide chain length
etermines the rates of digestion and absorption (3). How-
ver, dietary carbohydrates with different structures, particle
izes, and fiber contents are digested and absorbed at
ifferent rates and give rise to different blood glucose and
nsulin responses (4). Rapidly absorbed carbohydrates that
nduce high postprandial glucose and insulin responses have
high glycemic index. Glycemic load represents both
uantity and quality of carbohydrates and is calculated as the
roduct of glycemic index of a specific food and its carbo-
ydrate content (5). Therefore, a food can have a high
lycemic index, but low glycemic load, depending on its
arbohydrate content.
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July 3, 2007:14–21 Glycemic Load and CVD RiskAbdominal obesity, insulin resistance, and dyslipidemia
re key components of the metabolic syndrome and are all
ndependently associated with CVD (6). Each 20-mg/dl
0.5 mmol/l) increase of total cholesterol is associated with
12% increase of coronary heart disease (CHD) mortality
7). Overweight increases the risk of CHD 2-fold, but
ccounts for almost one-half of the cases because of its high
revalence (8). Diabetes is associated with 3-fold higher risk
f CHD, but this risk increases with increasing duration of
iabetes (9).
Because dietary glycemic load is a determinant of hyper-
ipidemia (1), diabetes (5,10), and potentially overweight
11), glycemic load may also be a risk factor for CVD.
owever, few studies so far explored this association, and
ata are particularly scarce for populations consuming mod-
st glycemic load diets. A first study by Liu et al. (12)
eported a positive association of glycemic load with CHD
hat was most evident among overweight women. Recently
hese results have been confirmed in an extended analysis
rom this study (13). A small study by van Dam et al. (14),
owever, did not find such relation. A more recent study by
h et al. (15) only observed a positive association of
lycemic load with stroke among overweight women.
We, therefore, investigated the association between di-
tary glycemic load and glycemic index with CVD in a
ohort of 15,714 Dutch women, consuming modest glyce-
ic load diets, and specifically whether this association was
odified by body mass index (BMI).
ethods
opulation. Between 1993 and 1997, we recruited 17,357
omen age 49 to 70 among breast cancer screening partic-
pants in the Prospect-EPIC cohort, 1 of 2 Dutch contri-
utions to the EPIC (European Prospective Investigation
nto Cancer and Nutrition) study (16). The design, sam-
ling strategies, and examination techniques of the cohort
ave been described previously (17). All women signed
nformed consent before study inclusion. The study com-
lies with the Declaration of Helsinki and was approved by
he Institutional Review Board of the University Medical
enter Utrecht. Of the 17,357 women, we excluded 355
omen who did not consent to linkage with vital status
egistries, 117 women because of missing questionnaires,
nd 92 women who reported an energy intake of 500
cal/day or 6,000 kcal/day. Furthermore, 628 women
eported a history of CHD (International Classification of
iseases-Ninth Revision-Clinical Modification [ICD-9-
M] 410 to 414, 427.5) or cerebrovascular disease (ICD-
-CM 430 to 438) before the baseline measurements and
ere, therefore, excluded from the analysis. Finally, 451
omen with established diabetes were also excluded, leaving
5,714 women available for analysis. From the original
ohort of 17,357 women, a 10% random sample was drawn
nd the same exclusion criteria were applied, leaving 1,417 aomen. Blood samples from this
andom sample were used for
etermination of biomarkers.
aseline measurements. At
aseline, a general questionnaire
ontaining questions on demo-
raphic characteristics, the pres-
nce of chronic diseases and their
isk factors was administered.
ystolic and diastolic blood pres-
ures were measured in duplicate
t the left arm with the subjects
n sitting position after 10 min of
est with an automated and cali-
rated oscillomat (Bosch & Son,
ungingen, Germany). Subse-
uently, the mean systolic and
iastolic blood pressure was cal-
ulated. Body height was mea-
ured to the nearest 0.5 cm with
wall-mounted stadiometer
Lameris, Utrecht, the Nether-
ands). Body weight was mea-
ured in light indoor clothing
ithout shoes to the nearest 0.5
g with a floor scale (Seca, At-
anta, Georgia). Body mass index
as calculated as weight divided by height squared (kg/m2).
mokers were categorized as never, past, current 1 to 10
igarettes, current 11 to 20 cigarettes, or current 20
igarettes. Women were assumed to be postmenopausal
hen they reported not having menstrual periods for at least
year. Oral contraceptive (OC) use and postmenopausal
ormone replacement therapy (HRT) use was defined as
ver versus never. Hypertension and hypercholesterolemia
ere defined as present when women reported that a
hysician had diagnosed these disorders. Physical activity
as assessed by a questionnaire including items on house-
old, sports, and other leisure time activities, validated in
ealthy people, age 63 to 80 years (18). Spearman correla-
ions with scores from repeated 24-h activity recalls and
edometer measurements were 0.78 and 0.73, respectively.
e could not calculate a total physical activity score for
,220 women with incomplete questionnaires. These miss-
ng total scores were imputed by means of linear regression
odeling, which predicts the value of a missing variable by
sing all available data from individual questions of the
uestionnaire, and reduces bias, since missing data may not
ccur at random (19). At baseline, all women donated a
onfasting blood sample, and biomarkers were determined
or the random sample. Total cholesterol and glucose were
etermined using an automated enzymatic procedure on a
itros 250 (Johnson & Johnson, Rochester, New York),
ow-density lipoprotein (LDL) and high-density lipopro-
ein (HDL) cholesterol levels using a colorimetric assay on
Abbreviations
and Acronyms
BMI  body mass index
CHD  coronary heart
disease
CI  confidence interval
CRP  C-reactive protein
CVA  cerebrovascular
accidents
CVD  cardiovascular
disease
FFQ  food frequency
questionnaire
HDL  high-density
lipoprotein
HR  hazard ratio
HRT  hormone
replacement therapy
ICD-9-CM  International
Classification of Diseases-
Ninth Revision-Clinical
Modification
LDL  low-density
lipoprotein
OC  oral contraceptivesHitachi 904 (Johnson & Johnson), and plasma high-
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Glycemic Load and CVD Risk July 3, 2007:14–21ensitive C-reactive protein (CRP) using the Behring BNII
ephelometric method (Dade Behring, Deerfield, Illinois).
ood frequency questionnaire (FFQ). Food intake was
ssessed using a validated FFQ including questions on the
sual frequency of consumption of 77 main food items
uring the year, preceding enrollment. Further information
as sought on consumption frequency for different sub-
tems, preparation methods, and additions. Color photo-
raphs were used to estimate portion size for 28 food items.
verall, the questionnaire allows the estimation of the
verage daily consumption of 178 foods, by asking for
ubitems for several food items, like fruit and vegetables, in
dditional questions. The FFQ had been validated in pilot
tudies before start of the study (20,21) against 12 24-h
ecalls. Spearman correlations were 0.76 for carbohydrates
nd 0.74 for fiber, and 0.78, 0.56, 0.69, and 0.70 for bread,
ruit, sweets, and potatoes, respectively. Therefore, the FFQ
eems reasonably valid for ranking individuals according to
ood group intake, particularly those that contribute most to
lycemic load. The glycemic index of the foods was ob-
ained from the international table compiled by Foster-
owell et al. (22). This table brought together all relevant
ata published between 1981 and 2001. For foods with 2
ublished values, mean (SEM) glycemic index was calcu-
ated and listed in the table.
alculation of dietary glycemic load. We calculated gly-
emic load by multiplying the glycemic index of a food with
ts carbohydrate content, then multiplied this value with the
requency of consumption of this food and summed the
alues over all food items (12). Glycemic load thus repre-
ents both quality and quantity of carbohydrates and inter-
ction between the two. Each unit of dietary glycemic load
epresents the equivalent of 1-g carbohydrate from glucose.
he overall glycemic index of a woman’s diet was calculated
y dividing the dietary glycemic load by the total amount of
arbohydrate consumed (12). Such expression of dietary
lycemic index per gram of carbohydrate thus reflects the
verall quality of the daily carbohydrate intake. As expected
rom its calculation, dietary glycemic load correlated well
ith carbohydrate intake (r  0.93), but this was not the
ase for dietary glycemic index (r  0.18).
orbidity and mortality follow-up. Data on morbidity
ere obtained from the Dutch Centre for Health Care
nformation, which holds a standardized computerized
egister of hospital discharge diagnoses. Admission files
ave been filed continuously from all general and university
ospitals in the Netherlands from 1990. Data on gender,
ate of birth, and dates of admission and discharge were
ecorded whenever a patient is discharged from hospital.
ne mandatory principal diagnosis and up to 9 optional
dditional diagnoses were reported. All diagnoses were
oded according to the ICD-9-CM. Coding of the diag-
oses is performed by qualified medical administrative
ersonnel in the hospitals. The National Medical Registry
ollects these data in the Hospital Discharge Diagnosis
atabase. These data are checked by the National Medical tegistry, mistakes are corrected by the hospitals, and
nlikely diagnoses are discussed with the hospital.
ollow-up was complete until January 1, 2005. The data-
ase was linked to the cohort on the basis of birth date,
ender, postal code, and general practitioner with a vali-
ated probabilistic method (23).
Information on vital status was obtained through linkage
ith the municipal administration registries. Causes of
eath were obtained from the women’s general practitioners
nd coded by 2 independent physicians (P.H.M.P.,
.L.B.). Discordant coding was solved in consensus. For
ur analysis, CHD (ICD-9-CM 410 to 414, 427.5) and
erebrovascular events (CVA) (ICD-9-CM 430 to 438),
hichever came first, were the end points of interest.
ata analyses. Baseline characteristics in quartiles of
nergy-adjusted dietary glycemic load were inspected using
nalysis of variance for continuous variables and a chi-square
est for categorical variables. We calculated person-years of
ollow-up for each participant from the date of return of the
uestionnaire to the date of CHD or CVA diagnosis, the
ate of death, or January 1, 2005. Mortality due to noncar-
iovascular causes (n  549), loss to follow-up due to
migration (n 60) and withdrawn alive (n 14,306) were
onsidered censoring events. We used Cox regression to
stimate hazard ratios (HRs) for CVD, CHD, and CVA
ithin quartiles of glycemic load and glycemic index using
he lowest quartile as reference. Linear trends across quar-
iles of glycemic load and glycemic index were determined
y including quartiles in the model as a linear covariate. We
djusted for established cardiovascular risk factors or nutri-
ional factors using a stepwise approach. First we included
ge, smoking, pack-years, hypertension, hypercholesterol-
mia, BMI, mean systolic blood pressure, total physical
ctivity, menopausal status, and HRT and OC use into the
ox model with glycemic load to see whether the crude HR
f glycemic load changed substantially. Body mass index
as entered as a categorical variable (20, 20.1 to 25, 26 to
0, 30 kg/m2). Nutritional variables were included next
intake of total energy, vitamin E, multivitamins, alcohol,
rotein, fiber, and folate), except fat intake. Alcohol was
ntered as a categorical variable (10, 11 to 25, 26 to 50,
50 g/day), with the second lowest category (11 g alcohol/
ay to 25 g alcohol/day) as the reference group, as this best
escribes the U-shaped relationship between alcohol-intake
nd CVD risk. Finally, we included intake of saturated,
ono-, and polyunsaturated fat. To control for total energy
ntake, all nutrients and glycemic load were adjusted for
otal energy intake using the residual method (12). In
ensitivity analyses, HRs were also adjusted for waist-hip
atio (instead of BMI). We investigated the interaction of
lycemic index and glycemic load with predetermined sub-
roups of BMI (25 vs. 25 kg/m2) by including interac-
ion terms of glycemic index and glycemic load with BMI in
he model. Associations of glycemic load and glycemic index
ith biomarkers were determined by linear regression using
he previously described, multivariate models (model 4).
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July 3, 2007:14–21 Glycemic Load and CVD Risknalyses were performed using SPSS version 14.0 (SPSS
nc., Chicago, Illinois).
esults
able 1 shows baseline characteristics in quartiles of energy-
djusted dietary glycemic load. Mean energy-adjusted di-
tary glycemic load varied 2-fold between the highest and
owest quartile of energy-adjusted dietary glycemic load of
he study population, with an average dietary glycemic load
f 100 (17) in the population. Women with high dietary
lycemic loads consumed more carbohydrates and dietary
ber but less protein, alcohol, and fats. Women with high
ietary glycemic loads had lower BMI, waist-hip ratio,
ower prevalence of smoking, and used fewer hormones than
aseline Characteristics* According to Quartiles of Energy-Adjuste
Table 1 Baseline Characteristics* According to Quartiles of En
Quartile o
Variable 1
n 3,911
Quartile mean score of glycemic load 78.5 9.1 95
Age (yrs) 56 6
Person months of follow-up (months) 108 21 1
Systolic blood pressure (mm Hg) 132 20 1
Diastolic blood pressure (mm Hg) 80 10
Body mass index (kg/m2) 26.0 4.0 26
Physical activity 6.7 5.0 7
Waist-hip ratio 0.79 0.06 0.
Smoking (%)
Never 28.5
Past 37.7
Current 10/day 13.0
Current 11–20/day 14.0
Current 20/day 6.8
Hypertension (%) 17.8
Hypercholesterolemia (%) 3.6
Menopausal status (%)
Premenopausal 11.9
Postmenopausal 70.4
Unknown 17.7
HRT use (%) 29.1
OC use (%) 70.7
Nutrients†
Total energy (kJ) 7,512 1,883 7,6
Carbohydrates (g) 162.1 17.1 187
Protein (g) 72.1 10.8 71
Total fat 74.5 11.5 71
Polyunsaturated fat (g) 13.8 3.9 13
Monounsaturated fat (g) 28.3 5.0 26
Saturated fat (g) 31.4 6.1 30
Cholesterol (mg) 231.5 81.4 218
Dietary fiber (g) 20.0 3.8 21
Dietary fiber per 200 kcal carbohydrates (g) 6.2 1.2 5
Alcohol (g) 20.0 18.5 8
Dietary vitamin E (mg) 10.9 3.2 11
Folate (g) 193.0 42.3 195Mean  SD, unless stated otherwise; †all dietary variables were adjusted for total energy intake, excep
HRT  hormone replacement therapy; OC  oral contraceptives.omen with low dietary glycemic loads. Table 2 shows the
ontribution of particular foods to the dietary glycemic
oad. Potatoes, bread, fruit, and sweets contributed most
o glycemic load.
We documented 556 incident cases of fatal or nonfatal
HD and 243 incident cases of fatal or nonfatal CVA
uring 141,633 person-years of follow-up. Adjusting for
lassical CVD risk factors (model 2, Table 3), the estimated
R between the highest and lowest quartile of glycemic
oad was 1.20 (95% confidence interval [CI] 0.98 to 1.47;
trend 0.08). Including nutrition variables except fat intake
id not materially change the HR (model 3, Table 3).
ncluding fat intake in the model augmented the association
ith an HR for the highest compared with lowest quartile
f glycemic load of 1.47 (95% CI 1.04 to 2.09; ptrend 
cemic Load Among 15,714 Women
Adjusted Glycemic Load Among 15,714 Women
gy-Adjusted Dietary Glycemic Load p Value for
Difference Across
Quartiles3 4
3,937 3,946
.2 105.9 3.2 121.8 8.8
57 6 58 6 0.001
2 108 21 108 22 0.87
0 133 20 133 20 0.051
0 79 10 79 10 0.001
.1 25.9 4.0 25.5 3.9 0.001
.0 7.1 5.0 6.9 5.1 0.002
.06 0.79 0.06 0.78 0.06 0.001
0.001
49.5 54.0
33.8 29.8
8.9 8.8
5.7 5.7
2.2 1.7
18.5 18.6 0.78
5.2 6.3 0.001
0.001
9.3 9.5
76.7 78.3
14.0 12.2
25.1 23.6 0.001
64.1 59.1 0.001
,821 7,604 1,779 7,477 1,802 0.001
1.1 203.6 10.9 227.2 16.2 0.001
.7 70.2 9.0 65.9 9.3 0.001
.8 67.8 7.5 61.3 8.0 0.001
.4 12.9 3.2 12.0 3.3 0.001
.9 24.9 3.4 22.1 3.5 0.001
.0 29.1 4.3 26.3 4.3 0.001
9.7 200.8 66.0 170.8 60.5 0.001
.8 23.0 4.0 24.0 4.7 0.001
.1 5.7 1.0 5.3 1.1 0.001
0.0 5.5 7.3 2.8 4.6 0.001
.8 10.9 2.8 10.6 2.8 0.001
8.9 196.0 39.0 193.3 38.6 0.001d Gly
ergy-
f Ener
2
3,920
.2 3
57 6
08 2
32 2
79 1
.2 4
.0 5
79 0
42.2
36.6
10.2
8.0
2.9
18.5
3.3
11.3
73.9
14.8
25.9
65.4
43 1
.5 1
.8 9
.6 8
.4 3
.6 3
.6 5
.5 6
.9 3
.9 1
.7 1
.1 2
.9 3t energy and cholesterol intake.
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Glycemic Load and CVD Risk July 3, 2007:14–21.03). Dietary glycemic index showed a similar positive
ssociation with CVD with an HR adjusted for classical risk
actors of 1.42 (95% CI 1.17 to 1.73) for the highest
ersus lowest quartile (ptrend  0.001). Adjusting for
utrients and fat intake slightly attenuated the HR for
VD to 1.33 (95% CI 1.07 to 1.67) for the highest versus
owest quartile (ptrend  0.02).
In separate analyses for CHD and CVA end points
djusting for all covariates in the full model (M4), we
bserved similar associations of glycemic load with CHD
ean Daily Intake of Individual Foods Accordingo Quartiles of En rgy-Adjusted Dietary Gly emic Load
Table 2 Mean Daily Intake of Individual Foods Accordingto Quartiles of Energy-Adjusted Dietary Glycemic Load
Quartile of Energy-Adjusted Dietary Glycemic Load
Foods (g/day)* 1 2 3 4
Drinks 1,625 1,537 1,525 1,519
Bread 93 108 119 131
Potatoes 76 82 85 86
Eggs 17 16 15 12
Fruit 186 224 246 268
Cake 22 31 35 39
Wheat products 29 33 35 39
Vegetables 143 138 135 128
Cheese 42 37 34 28
Milk products 380 425 427 394
Nuts and snacks 14 12 10 8
Legumes 9 9 9 9
Soups 71 67 64 58
Sweets 15 22 28 40
Fats 37 36 35 32
Fish 12 11 10 9
Meat 105 91 82 67
All foods were adjusted for total energy intake.
djusted Hazard Ratios (With 95% CI) of Cardiovascular Disease Auartil s of Energy-Adjusted Dietary Glycemic Lo d and Glycemic I
Table 3 Adjusted Hazard Ratios (With 95% CI) of CardiovasculQuartiles of Energy-Adjusted Dietary Glycemic Load an
Quartile of En
1* 2
Cases 189 193
Crude 1.00 1.02 (0.83–1.24)
M1: age 1.00 0.94 (0.77–1.15)
M2: multivariate† 1.00 1.08 (0.89–1.33)
M3: M2  nutrients‡ 1.00 1.01 (0.82–1.26)
M4: M3  all fat§ 1.00 1.13 (0.89–1.42)
Quartile of En
1* 2
Cases 180 201
Crude 1.00 1.12 (0.91–1.37)
M1: age 1.00 1.07 (0.88–1.31)
M2: multivariate† 1.00 1.15 (0.94–1.40)
M3: M2  nutrients‡ 1.00 1.11 (0.90–1.37)
M4: M3  all fat§ 1.00 1.11 (0.90–1.36)
Reference category. †Adjusted for age; hypertension; cholesterolemia; smoking (never/past/curr
g/m2); mean systolic blood pressure; total physical activity; menopausal status (pre or post); horm
6 to 50, 50 g/day energy-adjusted), total energy intake (in quintiles), and energy-adjusted
nergy-adjusted intake of saturated fat, poly- and monounsaturated fat, and covariates from footnotes †
CI  confidence interval; M  model.HRQ4 vs. Q1 1.44; 95% CI 0.95 to 2.19; ptrend  0.14) and
VA (HRQ4 vs. Q1 1.55; 95% CI 0.81 to 2.97; ptrend 
.10). Glycemic index, however, was more strongly associ-
ted with CHD (HRQ4 vs. Q1 1.44; 95% CI 1.10 to 1.89;
trend 0.01) than CVA end points (HRQ4 vs. Q1 1.12; 95%
I 0.75 to 1.69; ptrend  0.61). We adjusted for waist/hip
atio instead of BMI, but this did not affect our results for
lycemic load (HRQ4 vs. Q1 1.47; 95% CI 1.04 to 2.09;
trend  0.03) or glycemic index (HRQ4 vs. Q1 1.32; 95% CI
.05 to 1.65; ptrend  0.03). Similarly, adjusting for total
nergy-adjusted fat intake instead of different fatty acids did
ot affect associations of glycemic load (HRQ4 vs. Q1 1.46;
5% CI 1.03 to 2.08; ptrend  0.04) and glycemic index
HRQ4 vs. Q1 1.35; 95% CI 1.08 to 1.68; ptrend  0.02).
We also investigated the association of total carbohy-
rates, mono- and disaccharides, and polysaccharides with
VD risk, but no significant associations were observed
Table 4). In separate analyses for lean and overweight
omen adjusted according to the full model M4, we
bserved that BMI may modify the association between
lycemic load and CVD and to a lesser extent for glycemic
ndex (Table 5). The association between glycemic load and
VD risk was virtually absent in normal weight women
HRQ4 vs. Q1 1.14; 95% CI 0.67 to 1.93; ptrend  0.43) and
ost pronounced for overweight women (HRQ4 vs. Q1 1.78;
5% CI 1.11 to 2.85; ptrend  0.04); the p value for
nteraction was 0.19. Body mass index did not modify the
ssociation of glycemic index with CVD risk.
Finally, we assessed associations of dietary glycemic load
nd glycemic index with several biomarkers. In fully ad-
usted models (model 4), HDL cholesterol was inversely
ssociated with glycemic load (: 0.005  0.001; p 
ing toAmong 15,714 Women
ease According to
cemic Index Among 15,714 Women
djusted Glycemic Load
p Value
for Trend3 4
198 219
1.04 (0.85–1.27) 1.14 (0.94–1.39) 0.175
0.93 (0.76–1.13) 0.99 (0.81–1.20) 0.91
1.10 (0.90–1.35) 1.20 (0.98–1.47) 0.082
1.02 (0.80–1.28) 1.12 (0.86–1.45) 0.40
1.21 (0.92–1.60) 1.47 (1.04–2.09) 0.033
djusted Glycemic Index
p Value
for Trend3 4
190 228
1.06 (0.86–1.30) 1.28 (1.05–1.55) 0.029
1.06 (0.86–1.30) 1.42 (1.17–1.73) 0.001
1.13 (0.92–1.39) 1.42 (1.16–1.73) 0.001
1.09 (0.88–1.35) 1.36 (1.09–1.69) 0.012
1.08 (0.87–1.35) 1.33 (1.07–1.67) 0.020
king of 1 to 10, 11 to 20, and20 cigarettes); body mass index (20, 20.1 to 25, 26 to 30,30
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July 3, 2007:14–21 Glycemic Load and CVD Risk.001), and LDL cholesterol tended to be associated with
lycemic load (: 0.005 0.003; p 0.12). Glycemic index
as also inversely associated with HDL cholesterol concen-
rations (: 0.83  0.30; p  0.006). No significant
ssociations with total cholesterol, glucose, or CRP concen-
rations were observed.
iscussion
n this population of Dutch women consuming a modest
lycemic load diet, high dietary glycemic load and glycemic
ndex increased risk of CVD independent of known cardio-
ascular risk factors and dietary variables. For glycemic load,
his association was similar for CHD and CVA, but for
lycemic index, the association was more pronounced for
HD. Glycemic load was particularly associated with CVD
mong overweight women.
Few studies have investigated the association of dietary
lycemic load and glycemic index with CVD. This is the
rst study to report increased risks in a population consum-
ng modest glycemic load diet. A previous study among U.S.
omen reported an approximately doubled risk of CHD in
he highest glycemic load quintile (12). Overall dietary
lycemic index was also associated with increased risk of
HD. A more recent report from this study confirmed
djusted* Hazard Ratios (With 95% Confidence Intervals) of Cardiouartil s of Energy-Adju ted Carbohydrates, Mono- and Disacchar d
Table 4 Adjusted* Hazard Ratios (With 95% Confidence IntervaQuartiles of Energy-Adjusted Carbohydrates, Mono- and
Quartile of En
1† 2
Carbohydrates 1.00 1.02 (0.80–1.30)
Mono- and disaccharides‡ 1.00 0.91 (0.73–1.15)
Polysaccharides‡ 1.00 1.13 (0.92–1.39)
Adjusted for age; hypertension; cholesterolemia; smoking (never/past/current smoking of 1 to 1
enopausal status (pre or post); hormone replacement therapy use; oral contraceptives use; alco
nergy-adjusted intake of vitamin E; protein; dietary fiber; folate; saturated fat; and poly- and mon
Adjusted* HRs Among BMI Subgroups AccordinQuartil s of Dietary Glycemic Load and Glycemi
Table 5 Adjusted* HRs Among BMI SubgrouQuartiles of Dietary Glycemic Load
Quartiles
Adjusted HR (
for BMI, Low (<2
Glycemic load
1† 1.0†
2 0.96 (0.66–
3 1.17 (0.78–
4 1.14 (0.67–
p value for trend 0.43
Glycemic index
1† 1.0†
2 1.24 (0.91–
3 1.01 (0.72–
4 1.36 (0.97–
p value for trend 0.19
*Adjusted for: age; hypertension; cholesterolemia; smoking (never/pas
(BMI); mean systolic blood pressure; total physical activity; menopausa
use; alcohol intake (10, 11 to 25, 26 to 50,50 g/day energy-adjust
E, protein, dietary fiber, folate, saturated fat, and poly- and monounsaturated
CI  confidence interval; HR  hazard ratio.hese relations (13). For CVA, however, a more recent study
f Oh et al. (15) reported a positive association between
lycemic load and total stroke among overweight women,
hile no such relation was observed for glycemic index. Our
esults are consistent with those studies, also when differ-
ntiated for CHD and CVA events. In these studies,
owever, the mean energy-adjusted dietary glycemic load
anged from approximately 100 in the lowest to 200 in the
ighest quintile, while in our study glycemic load ranged
rom 79 in the lowest to 122 in the highest quartile. This
ould be due to the use of white bread as the reference for
he glycemic index as opposed to glucose in our study.
owever, when applying a correction factor of 0.7 to the
lycemic indexes based on white bread, the figures still
uggest lower glycemic loads of the diets in the Netherlands
han U.S. Even in these lower ranges, both dietary glycemic
oad and glycemic index were associated with CVD risk,
lthough less pronounced than among U.S. women. Of
ote, van Dam et al. (14) did not find an association
etween glycemic index and cardiovascular risk among 646
en from the Zutphen Elderly study. Similarly, an Italian
ase-control study from Tavani et al. (24) consisting of 433
ondiabetic subjects with a first episode of nonfatal acute
yocardial infarction and 488 control subjects could not
ular Disease According tond Polys ccharides Among 15,714 Women
f Cardiovascular Disease According to
ccharides, and Polysaccharides Among 15,714 Women
djusted Carbohydrate Intake
p Value
for Trend3 4
1.14 (0.84–1.54) 1.17 (0.78–1.77) 0.35
1.00 (0.77–1.31) 1.04 (0.72–1.48) 0.70
1.02 (0.81–1.29) 0.99 (0.75–1.32) 0.78
20, and 20 cigarettes); body mass index; mean systolic blood pressure; total physical activity;
ke (10, 11 to 25, 26 to 50, 50 g/day energy-adjusted); total energy intake (in quintiles) and
urated fat. †Reference category. ‡Mono-, di-, and polysaccharides were included simultaneously.
ex
ccording to
lycemic Index
I)
m2)
Adjusted HR (95% CI)
for BMI, High (>25 kg/m2)
p Value
for Interaction
1.0†
1.28 (0.94–1.74)
1.25 (0.86–1.82)
1.78 (1.11–2.85)
0.04 0.19
1.0†
1.02 (0.77–1.35)
1.15 (0.87–1.53)
1.31 (0.97–1.76)
0.06 0.13
nt smoking of 1 to 10, 11 to 20, and20 cigarettes); bodymass index
(pre or post); hormone replacement therapy use; oral contraceptives
l energy intake (in quintiles); and energy-adjusted quintiles of vitaminvasces, a
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Glycemic Load and CVD Risk July 3, 2007:14–21isclose an increased risk of CVD with high dietary glyce-
ic load. However, relative risks were not adjusted for fat
ntake, which may have attenuated their results. They did
ot observe a significant association of glycemic index with
VD risk as well, but the odds ratio of 1.38 (95% CI 0.95
o 2.00; ptrend  0.10) is comparable to our results.
Like our study, Tavani et al. (24) did find a significant
ssociation for glycemic index among overweight people.
iu et al. (12) also observed that the increased risk of CHD
ith high dietary glycemic load was most pronounced
mong women with BMIs 23 kg/m2, but absent among
omen with a BMI 23 kg/m2. Oh et al. (15) reported a
ositive association of glycemic load with total stroke only
mong overweight women (BMI 25 kg/m2). Although
nteractions did not reach significance, results from our
tudy are consistent.
The mechanism by which glycemic load increases risk of
VD is not completely elucidated, but effects on insulin
esistance and blood lipid profile are thought to be involved.
arbohydrates with high glycemic loads produce substantial
ostprandial blood glucose and insulin responses. The rapid
lood glucose decline due to insulin secretion within a few
ours after consumption creates a state of hunger (25),
eading to continued intake of high-glycemic load meals and
ggravated postprandial glycemia. Over time, these post-
randial responses may contribute to insulin resistance and
besity (26,27). In turn, insulin resistance and obesity
ncrease triglycerides and LDL cholesterol concentrations
nd decrease HDL concentrations, all components of the
etabolic syndrome. Indeed, several intervention studies
how decreased triglyceride and LDL cholesterol concen-
rations after a low glycemic index diet (28). Recently, a
tudy by McMillan-Price et al. (29) compared reduced-fat
iets with high protein or carbohydrate contents with
iffering glycemic index. Their results showed that both
igh-protein and high-carbohydrate diets increased body fat
oss, but a low glycemic index diet also optimized blood
ipid profile. Results from our study confirm these relations
ith blood lipid profile.
A strength of this study is its prospective design, partic-
larly eliminating recall bias. As in any observational study,
ur results could be influenced, at least in part, by differences
n factors other than glycemic load. It has been suggested
hat high dietary glycemic load is the result of a high intake
f fiber-depleted foods (28), and, therefore, high glycemic
oad may be a marker for an unhealthy lifestyle. However,
e simultaneously adjusted for smoking, alcohol, physical
ctivity, and fiber intake in our analysis, and still observed an
ncreased CHD risk for higher glycemic loads. We addi-
ionally adjusted for educational status as a proxy for such
ealth-conscious behaviors with similar results (data not
hown). In addition, this study population was homoge-
eous with respect to gender and age, reducing residual
onfounding, but limiting our ability to generalize to men.
evertheless, we cannot exclude residual confounding by
nknown risk factors.A particular concern in such observational study is mis-
lassification of dietary exposure. We used an FFQ to
uantify the average exposure to dietary glycemic load and
lycemic index in the previous year, but it was not specifi-
ally designed to estimate dietary glycemic load. However, a
alidation study showed good agreement of the FFQ with
4-h recalls for carbohydrate and fiber intake, and specific
ood groups contributing most to dietary glycemic load
20,21). It is, therefore, unlikely that the calculated dietary
lycemic load contains large errors. Another concern re-
arding data of dietary glycemic index is that it could simply
eflect carbohydrate intake. However, we have shown that
he correlation of dietary glycemic index with carbohydrate
ntake is poor. In addition, carbohydrate intake itself was
ot associated with CVD. Therefore, our results specifically
eflect the carbohydrate quality of the diet and not the
arbohydrate intake itself.
Finally, the concept of glycemic load and glycemic index
s criticized for limited applicability in daily practice, also
iven recent results from large-scale diet interventions (30).
owever, the concept is currently implemented in nutrition
uidelines in Australia through labeling of foods with a
ymbol and their glycemic index value (31), suggesting that
t is applicable in public health recommendations.
In conclusion, our findings show that high dietary glyce-
ic load and glycemic index increase the risk of CVD, also
n a population consuming a modest glycemic load diet. For
lycemic load, this association was similar for CHD and
VA, while glycemic index seems particularly associated
ith CHD. These harmful effects may particularly affect
verweight women.
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